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Upsetting Forging Machines 


This booklet deals with the design 
of dies for Upsetting Forging Ma- 
chines. Such machines, which are in 
general use today, employ three die 
elements, two matching gripper 
dies, one stationary and one moving, 
and headers or heading tools. It is 
the function of the machine to first 
close the moving gripper die against 
the stationary gripper die and hold 
it closed during the’ advance and 
withdrawal of the headers, then open 
the moving die. 

The dies and forging machines 
under consideration embrace a con- 
siderable range of sizes, with capac- 
ity ratings based nominally on their 
ability to hot forge the heads on 
alloy steel bolts from 1’’ diameter to 
8” diameter, or larger. 


The Upsetting Process 


In practically all Upsetting Forging 
Machines used today, both the die 
and header movements are hori- 
zontal, straight line and at right 
angles. Similarly, practically all are 
mechanically operated from a main 
shaft, which drives the moving die 
at right angles through toggles, and 
the header slide directly by an 
eccentric. Consequently, the gripper 
dies are not closed until the headers 
have traveled a portion of their for- 
ward stroke. The distance’ the 
headers travel forward after the 
gripper dies are closed, is termed the 
“stock gather” of the machine, and 
the distance the headers recede 
before the dies start to open, is 
termed the ‘“‘hold-on’’. The distance 
the moving die travels is called the 
“die opening’. 


The cavities formed by the im- 
pressions in the two dies and the 
heading tools, frequently totally 
confine the working stock, so the hot 
metal can be subjected to hydro- 
static-like pressure. This is a great 
advantage in filling out intricate 
forgings, as against the usual drop 
hammer die impressions, where there 
is a gap between the die faces while 
displacing stock, and the designer is 
constantly confronted with the prob- 
lem of flowing metal into the remote 
parts of the impressions while a 
portion of it escapes between the 
faces of the dies to form flash. Also, 
since the forging machine die cavities 
open in two planes at right angles, a 
ereat variety of complex forgings 
can be filled out and removed from 
the dies readily, without serious 
problems of clearances and draft 
angles, which frequently place re- 
strictions on the shapes that can be 
drop forged in hammer dies. 

Forging on these machines is not 
limited to simply gripping and head- 
ing. The powerful action of the 
moving die, in addition to being 
used for gripping, may be used also 
for shearing, swaging, bending, flat- 
tening and punching. 

Most write-ups on forging machine 
dies have dealt principally with the 
action of the headers, or heading 
tools, in upsetting or forming stock 
in the direction of the axis of the bar. 
But since the gripper dies act: first 
and they perform their work ahead 
of the headers, it seems entirely 
logical to consider their design first. 


Functions of Die Grooves 


There are more problems involved 
in gripper grooves than appear at 
first glance. Except for a very minor 
amount of cold drawn, or centerless 
ground stock, most upsetting stock 
consists of hot rolled bars with 
usual mill tolerance. The grips 
must be small enough to hold bars 
on the low tolerance and, when 
the bars run at the top limit, must 
still close sufficiently tight to avoid 
formation of flash, or fins. 


Other considerations are: 1—the 
length of gripping groove permitted 
by the shape and size of the forging, 
the limit of the die length of the 
machine, or the length of crop end, 
or tong hold, that can be thrown 
away at the end of the bar; 2—the 
severity of the heading operation 
and its tendency to drive the bar 
back through the grips; 3—the 
amount of distortion or  out-of- 
roundness permissible on the shank 
of the forging, or on the gripped 
portion of the bar which is fed for- 
ward to make the next forging; 
4—the temperature of the bar in the 
grips; and 5—does the bar have to 
be gripped repeatedly at the same 
location for a series of operations, or 
will the grip for a subsequent forging 
overlap the part of the bar which 
has already been subjected to grip? 

If the stock is comparatively cold 
and non-plastic in the grip location, 
it is the usual practice in machining, 
to clamp the dies together for boring, 
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with enough thickness of shims 
between them to equal the tolerance 
of the stock, plus from .005”’ to 
.015’’, and bore to the large stock 
size, plus some allowance for expan- 
sion at the temperature still below 
forging range. The edges of the 
grooves are then ground back suf- 
ficiently at a draft angle of about 
10°, so as to accommodate the stock 
without pinching a fin, or flash, 
adjacent to the upset. With com- 
paratively cold stock 34%” or 4” 
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Fig. 1. Button head rivet dies. 


length of grip is usually adequate for 
stock of 1’ diameter, or less. For 
larger stock the grip length should 
be roughly from 3 times to 4 times 
the diameter. 

In the button head rivet dies, 
Fig. 1, the grip problem is solved 
automatically. The length of the 
grip is determined by the length of 
shank, the diameter not by the 
tolerance of the bar, but by the 
diameter desired on the rivet. The 
cutter plate through which the stock 





Fig. 2. Dies for upsetting ball bearing races. 


is fed and sheared off by the moving 
die, backs up the blank so it cannot 
slip back during the heading. As the 
bar is hot over-all, heading upsets 
the stock to' the size of the grip 
sufficiently tight to pull the head out 
of the header impression on the 
return stroke, and the ejector pin 
through the cutter, kicks the piece 
out of the dies when they open. If a 
square or hex head bolt is made by 
this method, it may not be held 
sufficiently tight in the grips to pull 
out of the deeper, straight-sided 
recesses in the header and a header 
ejector may be added. | 
Ball bearing races are made by 
starting with eight or ten foot bars. 
The ring is first upset in the bottom 
die groove, Fig. 2, then the bar 
punched out at the top of the dies. 
Enough bar length is heated to make 
6 or 8 forgings in succession and only 
a short length of bar is fed forward 
for each ring. Here the grip is in 
three steps of successively smaller 
diameter, so as to get a hold on 
three times the length of bar that is 
fed forward. There is, of course, no 
crip in the top position where the 
bar is punched back through the 
ring. The enlarged punch slug on the 
end of the bar serves as a preliminary 
upset for the next forging. 
Sometimes when the bar is at 
forging temperature back through 
the grips, it will be necessary to bore 
the grips with corrugations, which 
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actually bite into the stock. The 
corrugations should be high enough 
to groove the bar, but sufficiently 
rounded to prevent the grooves from 
showing up on the surface of the 
forging when the bar is fed forward. 
In the case of the three high 
cylinder dies, Fig. 3, the bar surface 
is ironed smooth by a_ smaller 
smooth section in the grips just 
behind the forging impression. 

Fig. 4, are general-purpose three 
high holders for half round die 
inserts. They are being used for only 
a two high forging job, the center 
position being for upsetting an out- 
side race for a tapered roller bearing, 
and the bottom position for punch- 
ing out the bar with merely a free 
guide for the bar at the back of the 
dies. Here again the corrugation 
is ironed smooth by the grip at the 
back of forging impression insert. 





Fig. 3. Three high cylinder dies with corrugated grips. 





Fig. 4. Three high holders for half round die inserts. 
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Fig. 5. Dies for upsetting the handle socket for a carpenter chisel. 


If the bar is to remain as a shank 
on the forging, the ridges may be 
smoothed out in the grip of a sub- 
sequent operation, after a shoulder 
has been upset, which will lend sup- 
port against slipping back through 
the dies. | 

The dies for upsetting the handle 
socket for a carpenter chisel, Fig. 5, 
on rectangular stock are interesting 
from several viewpoints. A section 
of the stock is first swaged into a 
tapered round between the dies. 
This leaves too short a length for 
proper gripping, so “insert tongs”’ 
are used which lock into the die im- 
pressions to prevent slipping. After 
an upset and two tapered pierces to 
form the socket, a ring-shaped flash 
is trimmed off the end. The blade is 
later drawn to length and tapered in 
an AJAX Forging Roll. 

In the dies for the automobile 
transmission cluster gear, Fig. 6, 
made from a blank sheared to 
length, there is enough length of 
srip for upsetting the small end in 
the two top impressions. The piece 





Fig. 6. Dies for automobile transmission cluster gear. 
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is then laid down on a small turn- 
table at the front of the machine, 
turned, and the end that is already 
upset grasped with insert tongs. 
These tongs pocket in the cavities 
at the rear of the two lower forging 
impressions, and really serve as a die 
element while the large gear is 
gathered and forged to dimensions. 

Insulator pins, for telephone and 
power lines, have ample bolt length 
for a liberal length of die grip, Fig. 7, 
when made for use with wooden 
cross arms on the poles. The working 
stock is sometimes so long it projects 
into the hollow header where the 
usual swinging stock gauge cannot 
be used. Instead the tongs are used 
for a gauge against a stop block at 
the rear of the top groove of the 
stationary die. In these dies the 
collar is finished by transferring to 
the lower impression and a perfectly 
sound forging is produced. 

When these pins are used on steel 
cross arms, the bolt end is only 
about 114” long, which is entirely 
too short for die grip. To make 
them, the blanks are sheared a little 
longer than required for two. One 
end of the blank is heated and the 
one pin upset and then, after heat- 
ing, the upset pin serves as a tong 
hold while upsetting the second pin. 
The two pins are then cold sheared 
to length, discarding the short piece 
between, which was necessary to 
make up enough length for die grip. 

In actual production most insula- 
tor pin forgings are made in a single 
die groove by double gauging; upset 
once, then pushed forward in the 
die and hit a second time. The 
double gauging can be accomplished 
with the tongs by having the jaws 
of different lengths and the gauging 
abutment on only the stationary die. 
Rotating the tongs 90° after the 
first ‘blow, brings the short jaw 
against the stop for the second blow. 

In forging the double-flanged in- 
sulator bolt, Fig. 8, the length of the 
straight ends and diameter of the 
flanges would prevent removal from 
the dies, if upset in a hollow header 
with straight bore which would not 
clear the end on back stroke. A 
sliding die provides for accurate 
gauging against an abutment at the 
forward end of the groove in the 
stationary die slide-block and _ per- 
mits easy transfer after the first 
flange is upset. This flange is pulled 
back into a cavity in the lower 
groove, where the second flange is 








Fig. 7. Tongs used for a gauge against a stop block. 





Fig. 8. Dies for insulator pins with two flanges, 


a Re me OE OT ORRIN PETE RS 


UPSETTING FORGING MACHINES 








Page 5 DIE DESIGNS 165 




















Fig. 9. Dies 























formed. Swaging in the groove above 
the slide blocks rounds up the ends 
perfectly and trimming in the top 
pass removes flash from the flats on 
the edges of the flanges. 

In forging the cross-boss end for 
a tubular airplane strut member, 
Fig. 9, shortness of die grip is 
carried to the ultimate. The gripper 
dies in closing, pinch the double 
ended blank almost in two, leaving 
a web about 14” thick and flattening 
the stock for the cross-boss. At the 
same time the header upsets the end 
of the bar into a reverse cone, as 
shown in foreground. Fig. 9 

In the second operation, the dies 
reduce the web to 1” thickness, 
preventing stock from escaping from 
the impression. The reverse cone 
centers the end for piercing by the 
displacement punch, which forges 
the socket section and completely 
fills out the cross-boss. After the 
second forging is made from the 
other end of the blank, the two are 
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sheared apart and butt welded to the 
ends of a tube of the same O.D., 
[.D. and wall thickness as the socket. 


The railroad grab iron die and 
tool setup, Fig. 10, is an illustration 
of bending with the moving die. 
In the first operation at the bottom, 
the moving die in closing bends 
the bar, so that the heading tool 
forms an off-center upset. When 
the blank is rotated 90° in the im- 
pression above, this locates the stock 
just right to fill out the pear-shaped 
foot. Punching of the hole is done 
against an abutment projecting from 
the stationary die, so as to give a 
perfect seat for the rivet head and 
avoid any ridge which might form, 
if the punching were done against 
a split punch plate. 

The piece is then held in a groove 
in the top of the stationary die 
clamp and bent by a projection on 
the moving die clamp. The second 
right angle bend is made by pushing 
the piece forward in this same groove 
and closing the dies a second time. 

The harrow tooth dies, Fig. 11, 
first gather the diamond _ section 
stock in a cylindrical die groove and 
then a rectangular die groove. The 
upset is next located in an impression 
between these grooves where the 
closing of the dies forges the upset 
stock to the correct foot shape to fit 
snugly the member to which it is 
later bolted. 

Finally in the bottom position, a 
punch carried by moving die, punches 
the hole and the forging is stripped 
from the punch by the stripper plate, 
which in this instance is spring sup- 
ported on the stationary die so that 
it flattens the piece after punching, 
and eliminates suck-in at the hole. 

In the step gear die, Fig. 12, the 
smaller gear is upset between the 
face of the die and the header, with 
a considerable length of stock pro- 
jecting into the header. This en- 
largement is then placed in a groove 
back in the grips of the middle im- 
pression where the larger gear 1s 
upset. The forging is then simply 
sheared off the bar by the moving 
die in the lower position, where 
there is no header. 


A hub which is upset from rather 
large stock, Fig. 13, is similarly 
sheared off in the lower die position 
but, after shearing, while still secure- 
ly gripped, the small hole is punched, 
wasting only the punch slug. This 
leaves the bar end in satisfactory 





Fig. 11. Harrow tooth die. 





Fig. 12. Step tooth dies. 
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condition to go into the next forging 
without danger of folds or cold 
shuts, which would result if the 
small punch slug remained on the 
end of the bar. 

The jaw forging, Fig. 14, illus- 
trates how the moving die can be 
employed for still another operation 
—slitting. After the required stock 
has been gathered into a slightly 
grooved, rectangular upset, it is 
placed in the impression next to the 
bottom. As the moving die closes, 
a spring supported block grips the 
bar and holds it firmly, while the 
knife, carried by the moving die, 
slits it halfway through. This spring 
block also strips the piece off the 
knife as the dies open. The piece is 
rotated 180° and then slit completely 
through. 

From there the forging is trans- 
ferred to the bottom die, where the 
heading tool opens up the jaw and 
upsets the enlarged ends to accom- 
modate the holes for the cross-pin. 

Thus far we have dealt with some 
of the operations which can be per- 
formed in the dies in addition to 
their usual work of gripping. Now 
let us transfer our attention to the 






primary function of the machine, 
which is heading or upsetting. 


Heading or Upsetting 


It is seldom the stock gather of the 
machine, that is, the length of head- 
erslide stroke remaining after the dies 
are closed, which determines the 
amount of upsetting that can be 
done in a single operation, or the 
number of operations required to 
make a forging. More often it is the 
diameter and length of working 
stock, and the shape of the forging 
itself. 

“Working stock’, so far as the 
upsetting is concerned, is that part 
of the stock projecting beyond the 
die grips which is acted upon and 
changed in shape by the headers. 

Successive upsetting operations 
should each fill the die impressions, 
or tool recesses, completely, con- 
sequently, be of the same volume 
and free from defects which would 
be embedded by subsequent opera- 
tions. Aside from fins or flash, in- 
ternal folds terminating in closed 
folds at the surface, called ‘“‘cold 
shuts’, are the most common de- 


RULES FOR UPSETTING 


UNSUPPORTED WoekING STocK — One BLow 


WoRKING K-ECOMMENDATION 
/ 
L SHOULD NOT EXCEED 25 xd 


Srock’ 1s'EX POSED" EVEN WHEN WITHIN A DIE IMRESSION OF 
HEADING TOOL FECESS OF 700 GEEAT OIAMETER 70 LENO SUPPORT]: 
IF A LENGTH OF THE ENO OF THE STOCK PROJECTS (NTO A TIGHT 
FITTING CECESS IN THE HEAOING TOOL, THAT LENGTH 15 NEITHER 
"EXPOSED Noe WORKING STOCK AND KULE T ST/LL APPLIES. 


RULE I 


FULE IT. EXPOSED WORKING STOCK 
UP TOA MAXIMUM LENGTH OF THREE 
DIAMETERS CAN BE VPSET WT7H- 

OUT SUPPORT 70 PREVENT BENOING- 


fects to be avoided. 

There are generally recognized 
rules, arrived at empirically, which 
govern the upsetting or gathering of 
stock to produce sound forgings and 


avoid cold shuts, but it should be 
borne in mind that these rules are 
flexible. 

In RULE I, stock is ‘‘exposed”’ 
even when within a die impression 
or heading tool recess of too great 
diameter to lend support. If a length 
of the end of the stock projects into 
a tight fitting recess in the heading 
tool, that length is neither ““exposed”’ 
nor ‘“‘working”’ stock, and RULE I 
still applies. 

Good, unvarying results will not 
be obtained if this working limit is 
exceeded, even when the stock is 
absolutely square on the end. If a 
perfectly centered, well filled out 
upset is required, with stock near 
this limit, it is frequently desirable 
to use a second operation. 

The 34” U.S. standard hexagonal 
head bolt, Fig. 15, is an example of 
this. The length of working stock 
falls well within the 214d limit for 
one upset. But to assure a well-filled 
head, without flash, the initial upset 
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Fig. 15. 94” Hexagonal head bolt—an example of use of second operation. 





Fig. 16. Dies for forging nuts off the end of a bar. 


is made in the thimble header at the 
bottom, then transferred to the 
hexagonal die impression at the top 
for sharpening up the corners and 
crowning. 

In forging nuts off the end of a bar 
of the diameter of the hole for the 
tap, Fig. 16, the length of bar con- 
siderably exceeds the specified limit. 
There is no choice then, except to 
use a preliminary operation, as 
shown, to accumulate the stock into 
a short cone, the rules governing 
which will be discussed later. After 
the second operation, which forges 
the hex, it is severed from the bar by 
a punch, which forms the hole the 
correct size for tapping. 


The integral gear segment of the 
automobile steering gear cross-shaft, 
Fig. 17, requires less than three 
diameters of stock. The bar is held 
on an incline in the dies. The face of 
the tool is also included so as to 
drive stock down toward the tip. 
The second blow forges the gear 
segment to shape with a flash ex- 
tending out around the periphery. 
This flash is trimmed off in the third 
operation. The section on the right 
has perfect continuity of grain 
flow from the shaft into‘the tips of 
the gear teeth. 

In RULE IT repeated applications 
make it possible to upset great 
lengths of stock and on each appli- 
cation, the diameter of the preceding 
upset becomes the diameter of the 
working stock in the formulae, 

Fig. 18, is a good example where 
12” of 11%” stock is gathered into a 
3/’ diameter upset in four die 
grooves, each of which is within the 
diameter limit prescribed. This is .90 
carbon tool steel and the ball is later 
forged into a spade for a pneumatic 
hammer. 

At first glance this method of 
gathering stock appears to have 
great possibilities, but in actual 
practice the possibilities are rather 
limited. 

First, it should be noted that the 
working stock dare not extend much 
beyond the mouth of the die, other- 
wise a ring, or crescent, will be 
sheared off on the edge of the die by 
the advancing header. The length 
of working stock can, therefore, b2 
little longer than the die length of 
the machine, less the length required 
for grip. 
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Second, the stock will normally be 
hottest on the end, the temperature 
falling off back toward the grip, 
which leaves it most resistant to 
upsetting at the back end of the die 
impression. This causes it to upset 
first at the mouth and choke in the 
die as the heading tool advances. 
Rapid wear results at the forward 
end of the die groove, which soon 
leads to flash forming around the 
tool face and at the part line of the 
dies before the base of the upset fills. 
Flash will be pounded into the next 
operation, causing objectionable de- 
fects. 


This choking condition is benefited 
only slightly if the impression is 
given a taper, enlarging toward the 
grip. Better results will be had by 
reversing the normal gradation of 
temperature, having it hottest 
toward the grip, so it will upset 
there first, and coldest toward the 
header. This is accomplished by 
special bricking in the furnace, or by 
cooling the end of the stock with 
water just before upsetting. 


Round stock, when first acted upon 
by the heading tool, spirals or 





Fig. 17. Automobile steering gear segment cross-shaft. 
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‘‘cork-screws’’ around the support- 
ing cylindrical die cavity. A con- 
siderable part of the wall friction 
can be eliminated if the cavity is 
made square, so that the stock will 
zigzag between diagonal corners. The 
square upset has less tendency to 
spiral than to bend back and forth 
on its short axis, even when upset 
in a round groove. This behavior is 
taken advantage of to a limited 
extent by some use of alternate 
square and round die impressions, 
but the advantages gained are con- 
siderably offset by the increased 
difficulties of making the dies and 
maintaining a good fit between the 
tool and the die impression. 


An interesting departure from the 
usual groove upsets will be seen in 
the die, Fig. 19, for forging a freight 
car brake hanger eye. The tip of the 
heated stock is cooled before placing 
in the die, where it extends slightly 
out of the groove for gauging. The 
heading tool forces the stock back 
Fig. 18. 12” of 144” stock gathered into a 3” diameter. through the die groove into a 








Fig. 19. Dies for forging freight car brake hanger eye. 
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spherical cavity of a diameter slight- 
ly less than three times the diameter 
of the stock. 

The ball of stock is squeezed flat 
in the upper rear die position, then 
transferred to the impression at the 
front where it is held vertically while 
the hole is punched. The flash which 
forms at the end of the eye after the 
die has developed wear, is easily 
removed by rough handling, or snag- 
ging. The producers claim the die 
and tool maintenance, which is 
rather high, is more than paid for by 
the greater hourly production. 


An upset can be made in the 
middle of a bar by using dies and 
tools similar to the bottom position 
Fig. 19. In this case the center of the 
bar is given a localized heat, the two 
ends remaining cold. One end is 
gripped and the other cold end is 


forced back through a groove in the 
die serving exactly the same func- 
tion as the tool in the brake hanger 
die. In this instance there is no 
flash formed whatsoever. 


RULE III, covers the gathering 
of stock in recessed heading tools, 
the recesses being in the shape of 
the frustum of a cone, are usually 
referred to as “‘cones’’. 


Gathering in cone headers has 
come to be used on the vast majority 
of forging operations where a con- 
siderable amount of stock must be 
gathered, but lack of understanding 
of its sound application and limita- 
tions, has been a stumbling block to 
the inexperienced. 

In practical applications of RULE 
III, the diameter at the mouth of 
the tool should not be greater than 
1.4 times the diameter of the stock. 


The diameter at the bottom of the 
recess should not be greater than 1.1 
times the diameter of the stock. The 
recess should be long enough to ac- 
commodate 24rds of the length of 
the working stock, as normally, 
bending will take place at the middle 
first. The length of stock exposed 
between the dies and the tool when 
upsetting starts should not be 
greater than 214 diameters, but this 
can be slightly increased if the stock 
is heated hottest at the end, gradu- 
ating to a lower forging temperature 
at the grip. 


Repeated applications of Rule II 
make it possible to upset very great 
lengths of stock and on each applica- 
tion, the average diameter of the 
preceding upset becomes the 
diameter of the working stock in the 
formulae. 


S7rock’ SUPPORTED IN Took RECESS — OVE GLow 


RULE ITT. Woeking srock’ LONGEe 
THAN THREE DIAMETERS WiLL BE SUP- 
PORTED AGAINST (NJSVEIOUS BENOING &yY 
A HEADING TOOL RECESS OF A DIAMETER 
NOT GREATEI THAN ‘“ TIMIES THE O/AMETER 
OF WORKING STOCK AT THE N10UTH ANDO 13 
TIMES THE O/AMETER OF WORKING STOCK 
AT THE BOTTOM ANDO A LENGTH OF FPECESS 
NOT LESS THAN 30S THE LENGTH OF THE 
WORKING STOCK OR NOT LESS THAN THE LENGTH 
OF WORKING STOCK MINUS 22 TIMES (75 DIAMETER. 


WoeKING KECOMMENDATION 
D' sHouLD Nor EXcCEED 1gxd 
D SHOULD Nor EXCEED 1.4xd 


L ‘SHOULD Nor EXCEED 2 xa 
L SHOULD No7T BE LESS THAN EL 


REPEATED APPLICATIONS OF KPULE LT MAME /T POSSIBLE TO 
UPSET VERY GeEAT LENGTHS OF STOCK ANO ON SACK APPLICATION 
THE AVEICAGE OIMMETEIE OF THE PRECEEOING VPSET BECOMES THE O/4- 
METER OF THE WORKING STOCK (IN THE FOPMULAE. 


/ 
TWE LENGTH OF EXPOSED STOCK 22a, CAN BE SLIGHTLY 

INCGEASEO (© THE STOCK (15 NEATEO HOTTEST AT THE ENO AND 

GRADUATED TOA LOWER FOLSING TEN PERATURE AT THE GRP. 


[REFERENCE /S GWEN TO PECESSEO NEADING TOOLS, 
OWING TO THEIR OURPABILITY ANO BECAUSE THE UPSETS APE FCEE 
FIEOM THE FILLAGH PLUNGE LIKE HEALING TOOLS TEND 70 FORN7 AT THE OM 
PCT LINE AND AROUND THEI® PEI PAERY WHEN UPSETTING /N 


GROOVES /N THE O/B. 
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Fig. 20. At left, gathering 4” of 4.” stock 
into a 134” valve head. 


Mechanical considerations are 
practically all in favor of this type 
of tooling, as against gathering in 
impressions in the dies. 

The working stock can extend far 
beyond the die length of the ma- 
chine, frequently even projecting up 
into the toolholder. 

Stock heated in a box type furnace, 
with slot opening, normally is hot- 
test at the end, causing an ideal 
sequence in upsetting. It fills the 
dead end of the cavity first, pro- 
gressively upsetting toward the 
mouth, while the gap between the 
gripper dies and the header is 
decreasing. 

Recessed headers are cheap to 
make and are extremely durable. 
The cost can be decreased further 
and durability increased by inserting 
high grade bushings around the 
recess and renewable pins at the 
dead end. These pins provide a con- 
venient means of compensating for 
wear and maintaining volumetric 
balance between cones. 

This has been done in the headers 
for producing automobile valves, 
Fig 20. They gather 4” of 5’’ stock 
into a 18%” valve head in five 
operations, and it is interesting to 
note that the amount of gather in 
each of the four cones follows 
RULE III. This is cold drawn, 
heat resisting alloy steel on which 
scaling is negligible. 

One of the disadvantages of cone 
headers ordinarily is that scale ac- 
cumulates and plugs the bottom of 
the cavities, thereby changing their 
volume and causing flash to form at 
the face of the tool. To overcome 
this, vent holes are provided at the 
end, preferably running out to the 
side of the tool. If a slight amount of 
cooling water is introduced through 
these vent holes, the steam generated 
when the hot stock contacts it, will 
blast the scale out as it is loosened 
from the bar at the start of upsetting. 
Compressed air is sometimes con- 
nected into these vent holes by 
flexible hose so as to blow the scale 
out during and after each operation, 
before it becomes lodged. 

This latter method is employed 
on the hollow headers for upsetting 
oil well sucker rod ends, Fig. 21. 














Fig. 21. At left, pin end sucker rod dies 
with cone tools. 
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Here again RULE III is applied. 


After four upsetting operations 
in hollow headers, the piece is trans- 
ferred to the top impression for 
trimming the washer shaped flash, 
formed when the square is filled in 
the fourth operation. From there it 
is moved down to the bottom im- 
pression where it is rotated and 
struck repeatedly to square up the 
wrench-hold while the pin end 
undergoes additional upsetting to 
secure maximum working and 
strength, as that section, which is 
later threaded, is subjected to con- 
siderable fatigue during pumping. 


In addition to insert bushings 
around the tool impressions, there 
are rectangular inserts in the gripp- 
er dies, which can be renewed with 
little expense. 

Another disadvantage of the hol- 
low headers which comes up in these 
rod dies, is the difficulty of gauging 
stock when it projects into the 
headers and makes use of the swing- 


ing stock gauge impossible. 

In this case the twenty foot bars 
are chalk marked before heating and 
the operator brings this mark in line 
with a gauge bar bolted in the 
machine feed gap. 

Shorter, uniform length blanks 
can be gauged with a backstop, or 
collar tongs, but where the bars are 
long, either visual gauging, or offset 
or goose-neck tongs butting against 
the back of the die, are used. Correct 
gauging is of importance, as all cones 
must be filled perfectly. An underfill 
at the mouth of the header, which is 
the last location to fill, being ex- 
posed on the next operation, may 
cause the stock to fold or corkscrew 
in front of the header, forming a 
flash and making a scrap forging. 

The sliding dies, Fig. 22, which 
are in reality a modified form of 
hollow headers, fall under Rule III 
and have the advantage of easy 
gauging against the end of the im- 
pression. Also they are not subject 


i tls gee ita ae aac a 


to packing with scale, as it falls out 
when the dies open and the slide 
blocks are pushed to the forward 
position by springs. 

The greater facility of gauging is 
reflected by increased production 
over that obtained from the hollow 
headers, when the dies are operating 
satisfactorily. However, sliding dies 
are rather hard to maintain, as the 
guide surfaces are subjected to 
terrific pressure, accumulate highly 
abrasive scale, and are difficult to 
lubricate, since the slide blocks 
themselves pick up _ considerable 
heat, frequently enough to draw the 
temper from the springs. These 
troubles and their greater expense, 
offset most of their advantages. 

Sliding dies do have the ability to 
upset stock in a second location 
simultaneously with upsetting at the 
end. 

Automobile cluster gear dies, Fig. 
23, are a good example. The small 
gear at the rear is upset at the same 





Fig. 22. Sliding dies—a modified form of hollow headers. 
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time as the preliminary cone. Another 
interesting feature of these dies is 
the cutoff in the last operation in the 
stationary die, which is actuated by 
a wedge at the side of the toolholder. 
The forging being entirely confined 
before the shear blade acts, is not 
distorted as it might be if the shear- 
ing were done by the moving die in 
closing. 

The radial engine planetary gear 
forging, Fig. 24, is interesting from 
the standpoint of differentiating 
between “‘working stock”’ and stock 
which does not undergo a change in 
shape during a heading operation. 
The rather long cone formed in the 
first hollow header, projects up into 
a close fitting impression for about 
half its length in the second header. 
This leaves considerably less than 
214 diameters to be forged into a 
funnel-shaped recess in the second 
operation die. In the third operation 
the grip is relieved so that a drawing 
action takes place. After final forging 








Fig. 24. Dies for radial engine planetary gear forging. 





DESIGN OF DIES FOR 


Page 16 





in the bottom impression, the piece 
is transferred to shear blades in the 
die clamps, which severe it from the 
bar, where it had been necked down 
by the dies during the preceding 
operations. 

In forging a spoke foot, Fig. 25, 
two cone tools gather the stock con- 
centric. Then, in order to fill out the 
extremities of the ears, it is flattened 
between the dies before the third 
upsetting operation. In the bottom 
position a spring supported trimmer 
removes the flash, and simultane- 
ously two punches punch the holes 
for the rivets. 

In forging a roller-type steering 
gear cross-shaft, Fig. 26, the first 
stock gather is made in a cone tool; 
the second gather, because of its 
unsymmetrical shape, is made in a 
groove in the dies. ‘The piece is then 
held vertically in the next impression, 
with the end of the blank rigidly 
backstopped at the top of the die, 
while the recessing tool is driven in 


Fig. 25. Dies for forging a spoke foot. 


Fig. 26. Dies for forging a roller type steering gear cross-shaft. 
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to form the ears. In the top im- 
pression the dies squeeze the ears in 
so as to eliminate draft in the space 
between them. 


Progressive Piercing or 
Internal Displacement 


Progressive piercing, or internal 
displacement, is the process widely 
employed on Upsetting Forging 
Machines for producing tubular, or 
hollow cylindrical forgings, either 
with holes extending all the way 
through, such as radial engine 
cylinders; with a closed end, such as 
artillery shell forgings; or as enlarged 
hollow cylindrical ends on solid bars. 

Vast quantities of artillery shell 
forgings, particularly up to and 
including the 105 mm, were pro- 
duced on Upsetters by this method 
during the past war, successfully 
competing with the older hydraulic 
press method of piercing and draw- 
ing. The fundamental difference 
between progressive piercing and 
ordinary piercing will be understood 
best by comparison of the two 
methods of forging shells. 

On a hydraulic press, a short blank 
with cross-sectional dimensions ap- 
proximating the diameter of the die 
is centered and bottomed in a 
cylindrical die impression. A piercer 
of the diameter of the shell cavity is 
forced into the blank. As the piercer 
advances, it develops hydrostatic- 
like pressure within the metal of the 
blank, forcing it to extrude, or 
counter-flow, back along the piercer 
between it and the walls of the die. 
The pierced blank is then drawn to 
length by pushing through draw 
rings or rollers by means of a 
mandrel. 

The progressive piercing method 
as performed in Upsetting Forging 
Machines in the dies illustrated, Fig. 
27, will be understood by referring 
to the sketch in the foreground. This 
shows the stock positioned in each 
impression ready to be acted upon 
by the header or piercer. Bar stock 
of small enough cross-section is 
selected so that after initially up- 
setting the end to the outside diam- 
eter of the shell with an additional 
small end collar, the length is equal 
to the length of the shell. This blank 
is then placed in a die impression, 
bored at the back to grip the stock, 
and bored at the mouth to grip and 
center the upset end, and this large 
bore extended back a sufficient dis- 


tance to accommodate metal dis- 
placed by the piercer. It will be 
noted that the stock is unsupported 
in this cavity for a length approxi- 
mating the length to be pierced. 


After the first piercing, the blank 
is transferred to the next position, 
where it is again gripped at the back 
and the pierced section gripped and 
centered in an impression, which 
again leaves the stock unsupported 
for the length to be displaced by the 
second piercer. This procedure is 
repeated in the next die impression, 
where the third longer piercer pene- 
trates to practically full depth. In 
the next position, the end collar is 
trimmed off by the short trimming 
punch. In the bottom impression, 
the final piercer simply sizes the 
shell cavity. The length of blank has 
remained unchanged since the initial 
centering upset. 

It is of the utmost importance 
that the length of the blank is not 
changed during progressive piercing. 


z 
HEADING FooLs’” 


GRIPPER LHES 
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TRIMMED COLLAR 


Should the blank be driven back 
into the base of the die cavity, the 
piercer in bottoming, will either 
counter-flow the metal to re-establish 
length, causing increased die wear, 
or worse still, will extrude the metal 
through the grips, in which case the 
shell forging will be short and scrap. 


The end collar, upset in the first 
operation and supported in grooves 
in the gripper dies during progressive 
piercing, does much toward over- 
coming this trouble, and also facili- 
tates proper locating of the piece in 
the die impressions. 

Tests during actual production 
showed that for various sizes of 
shells, the progressive piercers de- 
veloped pressures in excess of 30,000 
p.s.i. of projected area, where the 
included angle of the nose was ap- 
proximately 60°. Tests further 
showed that the long taper cf the 
third piercer, developed 50% higher 
pressures, indicating that increased 
friction, caused by the long, gentle 


Fig. 27. Shell forging by the progressive piercing method. 





DESIGN OF DIES FOR 








Page 18 














taper, is quite a factor. The cavities 
were forge-finished to a tolerance of 
+ .010” and even so the piercer life 
averaged better than 5,000 shells. 


Experience dictates included nose 
angles of from 60° to 90°. The magni- 
tude of the force, tending to crowd 
the metal back into the die cavity, 
must be borne in mind in arriving at 
die designs to offset this damaging 
action. The end collar is now very 
generally added, if the design of the 
forging does not already have a 
flange or shoulder to serve a like 
purpose. 


In the case of nitralloy radial 
engine cylinder forgings, Fig. 28, the 
flange for securing them to the 
crankcase serves ideally the pur- 
pose of the end collar. Furthermore, 
the working stock ahead of the 
piercer is of large diameter and short, 
so that its stiffness also assists in 
maintaining length. 


Extremely large cylinder barrel 
forgings weigh more than 100 lbs. 
each. If made off the end of bars 
by the method just shown, the 
weight of bars becomes excessive and 
they are awkward to handle, even 
with the help of an overhead crane. 
To overcome this, blanks sheared to 
correct length for a single cylinder 
are used. After heating, a 1’’ porter 
bar is pushed into the end of the 
blank by a light hydraulic press. In 
three operations, Fig. 29, the blank 
is upset and progressively pierced 
into a heavy bottomed cup about 2” 
short of the required length. In the 
fourth operation, a long, taper-nosed 
tool expands and stretches the metal 
at the base into the back of the die 
cavity, frees the porter bar and 
shears off a light walled ring, which 
is the only metal wasted in forging, 
as against the length for grip and 
tong hold from the end of each bar 
by the method previously illus- 
trated. 


The aluminum piston forgings, 
used also in radial aircraft engines, 
offer another interesting use of the 
porter bar for considerations other 
than weight. Long aluminum bars 
are fed into a turret lathe, where a 
hole is drilled in the end, and a part- 
ing tool cuts off blanks to length. 
After heating, the blank, Fig. 30, 
is handled into the upsetter with the 
shouldered porter bar. During the 
first upsetting, the shoulder is locked 
in the dies to prevent movement. 
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Fig. 28. Nitralloy radial engine cylinder forgings. 
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Fig. 29. Upsetting, progressive piercing and shearing off. 
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During the second operation, when 
the internal displacement tool enters, 
the porter bar is permitted to kick 
back in the die about an inch, and 
the box extrudes around its end. 
During finish forging, the shoulder 
is not supported and a slight addi- 
tional extrusion releases the porter 
bar from the boss, which is later 
machined off, leaving the top of the 
piston flat. 


Forged radial engine cylinder 
heads, Fig. 31, although of alumi- 
num, weigh approximately 80 
pounds. The handling problem is 
solved by securing the porter bar 
in the blank during preliminary 
forging in a 2500 ton AJAX High 
Speed Mechanical Forging Press. 
The metal extrudes out in the die 
around the porter bar, which is 
locked in the die. This bar is then 
used for handling during finish forg- 
ing in a second 2500 ton press and 
also during the internal displace- 
ment, or “domeing”’ operation, which 


is done in an 8’ AJAX Upsetter. 


Small Diameter Stock — 
Large Diameter Piercer : 


When the stock is of small diam- 
eter in relation to the diameter of 
the piercer, and the thin wall is 
capable of little lengthwise support, 
the depth of pierce in a single opera- 
tion is limited by the diameter of 
stock. As shown earlier, the stock is 





Fig. 32. Dies for forging automobile steer- 
ing gear drag link. 
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unsupported in the die cavity for a 
length about equal to the depth of 
pierce. When the piercer delivers 
excessive pressure, the end collar 
may shear off or suck into the die 
groove, or the thin walls may stretch. 
If the working stock is unsupported 
for a length as great as three times 
its diameter, it may buckle to one 
side, leading the punch off and caus- 
ing in addition an eccentric forging, 

This three diameters cannot be 
treated as a definite limit, as with a 
sturdy end collar the extremely light 
wall may cool so rapidly that it 
causes resistance to stretching or 
slipping back in the die, 

In the case of the automobile 
steering gear drag link, Fig. 32, 
where the amount of unsupported 
working stock is slightly greater 
than three diameters, there is very 
little trouble. The stock for that 
forging is %’’ round, the piercer 
diameter 1”, and the depth of 
cavity 3144”’. The comparatively low 
pressure on the piercers is reflected 


by an average life of from 10,000 to 
15,000 pieces, against a 5,000 aver- 
age on the artillery shells. 


The dies, Fig. 33, are for the fe- 
male half of a Navy anchor chain 
link. The blank is 3” round bent 
into aU”. It is handled into the 
dies by tongs which fit the small 
clearance groove at the back of 
the impressions. The ends of the 
U-blank extend forward into the 
guide portions of the top impression 
and are perfectly centered when 
acted upon by the preliminary pierc- 
ers. These are rather blunt and pack 
the stock into the impressions, ex- 
truding the spacer lugs or “‘stud”’ 
and counter-flowing the stock up 
around the punches. 

The second pair of punches are of 
the spreading or internal displace- 
ment type. 


To complete this link the tapered, 
corrugated, gimlet-like points of a 
mating staple are locked into the 
sockets by forging the metal into the 
corrugations in a large steam ham- 
mer. 





Fig. 33. Dies for half of navy anchor chain link. 


Small Piercer — Large Stock: 


Where the working stock is of 
large cross-section in comparison to 
the piercer, and the wall thickness 
correspondingly great, the problem 
of maintaining length is not so acute. 
The thicker walls have more resist- 
ance to spreading by the piercer, 
unit pressures on the piercer are 
higher at the same time the piercer 
has less body and greater surface 
area, so it is generally piercer life 
which determines the number of 
operations to achieve the desired 
depth. 

The automotive universal joint 
housing Fig. 34, falls in this classifi- 
cation and is one of the earliest deep 
pierced jobs with which we are 
familiar, having been developed over 
twenty years ago. 

In the first impression, Fig. 34, 
216” of the 244” stock extends un- 
supported out from the grips. A 
conical tool, with a 13%’ diameter 
nose, drives into this stock belling it 
out into a funnel shape and dis- 
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placing metal into the two side 
bosses. Knicker plates hold the bar 
from sliding back through the very 
short grip. The second tool drives a 
longer displacement punch well into 
the forging, fills the bosses up sharp 
and forms the spherical end cup. The 
third flat nosed tool punches on 
through and sizes the hole. 


The other half of the double-length 
blank is handled by the punch slug 
while producing the second forging, 


solving the problem of disposing of 
a bad bar end. 


The drive shaft flange, Fig. 35, 
requires a preliminary cone stock 
gathering operation. The rectangular 
flange and four bolt bosses are next 
upset to shape, leaving the hub 
undersize. A displacement punch is 
next driven practically through, ex- 
is panding the hub to full diameter, 
PUNCH SLUG IS Punching leaves a small diameter 


TONG HOLD FOR SECOND FORGING slug on the end of the bar, which ig 
cut off in the inserted shear plates 


Fig. 34. Dies for deep pierced universal joint housing. at the back of the dies before the 

































































bar is returned to the furnace for 
heating. 

In the clustered gear, Fig. 36, a 
1’ diameter hole is pierced for a 
length of 5’ by only two piercers. 

Starting at the bottom, a sliding 
die and a hollow header  simul- 
taneously gather stock for the two 
end gears. A second operation, per- 
formed in a double sliding die, 
further upsets the gear at the rear 
and gathers stock for the middle 
enlargement, while the heading tool 
completes the upsetting of the end 
gear and forms a shallow centering 
hole. In the third operation, the 1’ 
piercer penetrates 214’, filling the 
center enlargement to full dimen- 
sions. The final piercer, which is also 
pointed, penetrates a like distance, 
filling the back gear out to full size, 
traveling on through the punch plate 





Fig. 36. Dies for upsetting and piercing cluster gear. 


and severing the forging from the 
bar. 

The punch slug is sheared from 
the end of the bar in the eye type 
shear blade located at the back of 
the stationary die, about half way 
up, before it is returned to the 
furnace for reheating. When the bar 
is reduced to a length where only 
one more forging can be made, this 
shearing operation is omitted. The 
opposite end of the blank is heated 
and the punch slug serves as a tong 
hold while forging the final piece, 
thus reducing thecrop end from each 
bar to the very small spool shown 
in the foreground. Fig. 36. 

The holes are sufficiently accurate 
to finish by broaching and with 
proper die setting, have excellent 
concentricity, which no doubt, is 
helped by the punch slug leading the 


piercer through the hole in the punch 
plate in the last operation. Piercer 
life is reported as averaging between 
2500 and 3000 gear blanks. 

Some clustered gears of greater 
length, with deep pierced holes, are 
forged from both ends, using two 
forging machines operating in con- 
junction. Such is the case with this 
gear 7” long, with 1%” hole pierced 
all the way through. 

In the dies, Fig. 37, in the first 
machine, the pre-sheared blank is 
handled with a socket porter bar 
shouldered into the die impressions. 
The first operation in a_ hollow 
header gathers stock at the center; 
the second header gathers stock for 
the end gear. The third tool com- 
pletes the upsetting of the end gear 
and forms a shallow center. A 
11%’ displacement piercer, in the 
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fourth operation, penetrates 214”, 
displacing metal into the center up- 
set and enlarging the shaft between 
it and the end gear. The opposite 
end is then reheated and the blank 
handled into the second machine on 
a porter bar with a pin projecting 
into the hole that is already formed, 
Fig. 39. It is coned in the second 
groove from the top, forged and 
centered in the third groove from 
the top, pierced to a depth of 2” in 
the fourth groove, then pierced to a 
depth of 4” in the bottom groove, 
leaving a 3%" thick web between the 
two holes. Then the flat faced punch 
at the top removes this web and 
clears the hole for its entire length 
on fs 

The reason for transferring the 
piece to the top groove for this is 
because the final punching requires 
the least pressure and the machine 
is not capable of doing very heavy 
work at the top of the dies. Further- 
more, in case of breakage, the long 
punch can be easily replaced if it 
is in this accessible top position. 


Push Extrusion 


As contrasted with progressive 
deep piercing, Fig. 38 shows a series 
of operations of a novel method of 
forging the socket on a solid shank 
shovel by “‘push extrusion’. 


A “T’ shaped blank is sheared 
from 1¥%/’ plate, the design inter- 
locking so there is no waste. The 
upright of the “T”’ is then drawn 
11%” round in a trip hammer. The 
cross-arm of the ““T”’ is later fanned 
out into the shovel blade by rolling. 
This round is upset to a reverse cone 
154” diameter at the base, and then 
a |” hole is pierced to a depth of 
about 2144”, leaving a %"" thick wall, 
the neck still remaining 114” diam- 
eter. 


At this point the piece is reheated. 

In a second upsetter this heavy 
walled socket is confined in a die 
impression with a 11%’ orifice 
between it and the blade section, 
which is not gripped. A plunger-like 
tool 154”’ diameter, with a 1” nose, 
applies pressure to the end of the 


heavy walled socket, and extrudes 
the metal out through — the 
opening between the nose and the 
orifice in the die. This produces a 
socket 914” deep with 4’ wall by 
the method widely known as “push 
extrusion’. 

This socket is then, in the same 
machine, expanded at the mouth, 
then tapered to conform to the 
handle, and finally the end collar is 
trimmed. The nose of the extrusion 
tool is subjected to but little wear. 
Die life is greatly helped by proper 
lubrication and by scale-free heating. 

It should be appreciated that the 
scope of the field of upsetting has 
been dealt with only superficially, 
but it is hoped that the examples 
illustrated, give some idea of the 
vast possibilities of this method for 
the economical use of all the various 
forgeable metals. Bear in mind also, 
that without exception, the physical 
properties, dependability, fatigue 
resistance and durability, are en- 
hanced greatly by forging. 





Fig. 37. Dies for upsetting and piercing one end of cluster gear. 
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Fig. 38. Forging the socket on a solid shank shovel by “push extrusion”. 
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AJAX HOT METAL WORKING MACHINES 





Forging Machines ® Forging Presses w Forging Rolls 
Bolt and Rivet Heading Machines ° ® Bulldozers or Bending Machines 


Hot Sawing and Burring Machines e Ajax-Hogue Wire Drawers 








Wire Drawing Straightening 
and Cutting Off Machines 


Bar Drawing and 


Straightening Machines 





1” and 1%” AJAX AIR CLUTCH FORGING MACHINES 


These two smaller sizes possess the outstanding advantages of the large machines but are not 
back geared because of their smaller power requirements. — Described in Bulletin No. 64. 
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2” AJAX AIR CLUTCH FORGING MACHINE 


This and other sizes 2” to 10” described in Bulletin 65 C 
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This representative group of upset and pierced forgings produced on 
Ajax Air Clutch Forging Machines 
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These heavy forgings are typical of the upsetting and piercing done on 
Ajax Air Clutch Forging Machines 
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GRIP DIES FOR FORGING MACHINES 


FACE OF DIE 





~ OF CUTTER RADIUS 
-£ OF IN1LLING CUTTER 


IF STOCK PINCHES BETWEEN 
DIES WHEN GRIPPED, INCREASE 
RELIEF. 
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CORNER 
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DECIMAL EQUIVALENTS 














ly, = .0156 11g, = .2656 334, = .5156 49%, = .7656 
ly = .0312 % = .2812 lig = .5312 25 = .7812 
3, = .0468 19, = .2968 3961 = .0468 Yéq = .7968 
V6 = .0625 546 = .3125 %6 = .9625 1346 = .8125 
56, = .0781 214, = .3281 31¢, = .5781 536, = .8281 
34 = .0937 1 = .3437 194 = .5937 214, = .8437 
1K = .1093 23¢, = 3593 3%, = .6093 556, = .8593 
ly = .125 3% = .375 5 = .625 Wg = .875 
%, = .1406 256, = .3906 414, = 6406 51K, = .8906 
5g = .1562 1B = .4062 216 = .6562 29 = .9062 
1g, = .1718 21¢, = 4218 43¢, = .6718 5%, = .9218 o 
346 = .1875 The = 4375 114A, = .6875 1546 = .9375 
134, = 2031 29%, = 4531 6, = .7031 6 = .9531 
Ve = .2187 13, = 4687 234, = .7187 314 = .9687 
15g, = .2343 314, = .4843 Yq = .7343 64 = .9843 
Wy = .25 Wy = 5 34 = .75 1 = 1.0 





THE AJAX MANUFACTURING COMPANY 


EUCLID BRANCH P.O. CLEVELAND 17, OHIO 


110 S. DEARBORN ST. DEWART BUILDING 
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